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 	  Megha-‐Tropiques	  is	  a	  joint	  Indo-‐French	  satellite	  Project	  

 	  Launched	  from	  Sriharikota,	  India	  on	  12	  October	  2011	  by	  Indian	  PSLV-‐C18	  rocket.	  	  

 	  Going	  to	  complete	  3	  	  years	  in	  orbit.	  2	  more	  years	  may	  be	  extended.	  

 	  Megha-‐Tropiques	  	  Level-‐1	  data	  processing	  is	  done	  at	  ISSDC-‐DSN,	  Bangalore.	  

 	   Level-‐2	   ScaRaB	   and	   SAPHIR	   processing	   are	   done	   separately	   at	   ISRO	   (Space	  
Applications	  Centre,	  Ahmedabad)	  and	  CNES	  (ICARE).	  

 	  Validation	  of	  ISRO	  ScaRaB	  level-‐2	  TOA	  Flux	  data	  are	  done	  at	  SAC,	  ISRO.	  

 	  Level-‐1	  ScaRaB	  radiance	  data	  (Common	  for	  both	  ISRO	  and	  CNES)	  and	  Level-‐2	  
TOA	   flux	   data	   from	   ISRO	   are	   archived	   and	   disseminated	   through	  MOSDAC	   at	  
Space	  Applications	  Centre,	  Ahmedabad.	  
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ScaRaB	  /	  Megha-‐Tropiques	  Mission	  
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ScaRaB	  Channels	  
Channel	   Description	   Wavelength	  

SC1	   Visible	   0.5-‐0.7	  µm	  

SC2	   Solar	   0.2-‐4.0	  µm	  

SC3	   Total	   0.2-‐50.0	  µm	  

SC4	   IR	  Window	   10.5-‐12.5	  µm	  

	  	  	  	  	  	  	  Ch-‐1	  	  	  	  	  	  	  	  	  	  	  Ch-‐2	  	  	  Ch-‐3	  	  	  	  	  	  	  	  Ch-‐4	  

Broad	  Band	  
Channels	  



Joint	  CERES-‐GERB-‐ScaRaB	  workshop,	  	  7-‐10	  October	  	  2014	  

ISSDC-‐DSN	  
Bangalore	  
	  India	  

Level-‐0	  Data	  Reception	  
(Raw	  Data)	  

Level-‐1	  Data	  Processing	  
(Radiance	  &	  Angles)	  

Level-‐2	  Processing	  @	  
ISRO,	  Ahmedabad	  

TOA	  -‐	  FLUX	  

Level-‐2	  Processing	  @	  
CNES	  

TOA-‐FLUX	  

ISRO	  

CNES	  

ScaRaB	  Data	  Processing	  Chain	  
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  ERBE-‐like	  Flux	  Computation	  algorithm	  is	  

adopted	  for	  	  ScaRaB	  flux	  computation.	  

  Maximum	  Likelihood	  method	  is	  used	  for	  
Scene	  Identification.	  	  

  12-‐Scene	  classification	  –	  5-‐Geoptypes	  and	  
4-‐Cloud	  types	  

  Raw	   radiances	   are	   corrected	   for	   spectral	  
filtering	  effects	  	  

  Scene-‐type	  dependent	  angular	  correction	  
models	  (Suttles	  et	  al,	  1988,	  1989)	  are	  used	  
to	  deduce	  SW	  and	  LW	  fluxes	  at	  pixel	  as	  a	  
function	  of	  radiance.	  

  This	   may	   be	   continuation	   of	   ERBE-‐like	  
data	  available	  since	  1985.	  Climate	  studies	  
are	  possible.	  

	  
	  

LEVEL-‐2	  TOA	  Flux	  Computation	  
(ERBE	  Like	  Processing)	  

ISRO	  Level-‐2	  ScaRaB	  Flux	  	  are	  
comparable	  with	  ES-‐8	  product	  
of	  CERES	  
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Level-‐2	  FOA	  Flux	  from	  ISRO	  	  



                                                  	  	  ScaRaB/MT	  	  

One	  day	  coverage	  	  	  	  	  

	  	  	  CERES/Aqua	  one	  day	  coverage	  

7	

Cross-‐validation	  of	  ScaRaB	  Level-‐2	  TOA	  
Flux	  Data	  with	  CERES	  



8	

ScaRaB	  and	  CERES	  Pixels	  

CERES	   ScaRaB	  

Resolution	   20	  km	  at	  nadir	   40	  km	  nadir	  

Scan	  Mode	   Fixed	  Azimuth	  Plane	  Mode	   Cross	  track	  

Orbit	   Sun	  Synchronous	  Polar	  orbiter	  (1330	  
Hrs	  Equatorial	  Crossing	  time	  for	  
Aqua)	  

Non	  Sun	  Synchronous	  
orbit.	  20°	  Inclination.	  

Version	  of	  
Data	  compared	  

CERES	  Editon-‐1	  CV	  ES8	   Level-‐2	  Version	  1.06	  

 
Validation @  2° lat. × 2° lon. Boxes  and Half hour interval – Under 
sampling is avoided. 
 
Under sampling is avoided. 
 
All scenes, all angles, Day&Night. 
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N=59,494	  
Bias	  =	  -‐2.1	  Wm-‐2	  

RMSE	  =	  7.3	  Wm-‐2	  

N=29,783	  
Bias	  =	  13.6	  Wm-‐2	  

RMSE	  =	  33.5	  Wm-‐2	  

Validation	  with	  only	  CERES	  onboard	  AQUA	  
(10	  Months	  –Mar-‐Dec	  2013)	  

AQUA	  	  CERES	  (Wm-‐2)	  
AQUA	  	  CERES	  (Wm-‐2)	  
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LW	  Flux	  Comparison	   SW	  Flux	  Comparison	  

N=13857	  
Bias=	  -‐2.9	  Wm-‐2	  
RMSE	  =	  4.8	  Wm-‐2	  

N=7076	  
Bias=	  5.4	  Wm-‐2	  
RMSE	  =	  26.2	  Wm-‐2	  

2	  Months	  Data	  

Validation	  with	  CERES	  onboard	  NPP	  
(2	  Months	  	  May-‐June	  2014)	  
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Meteorological	  &	  Oceanographic	  Satellite	  Data	  Archival	  Centre	  

http://www.mosdac.gov.in	  

Megha-‐Tropiques	  	  
L1	  and	  L2	  data	  are	  
available	  from	  
MOSDAC.	  
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CONCLUSIONS	  
	  

ERBE-‐like	  processing	  is	  used	  to	  generate	  TOA	  Flux	  from	  ScaRaB/MT	  
independently	  at	  ISRO,	  India.	  Data	  available	  from	  MOSDAC.	  
	  
Validation	  efforts	  are	  going	  on	  to	  validate	  ISRO-‐ScaRaB	  data.	  
	  
Future	  Plan:	  more	  rigorous	  validation	  with	  Edition	  3	  SSF	  data.	  
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Comparison	  between	  ISRO	  &	  CNES	  Lev-‐2	  Products	  

Orbit	  14412-‐14413	  28	  July	  2014	  (Typical	  Monsoon	  Day)	  

	  Difference	  in	  LW	  Flux	  (W	  m-‐2)	   	  Difference	  in	  SW	  Flux	  (W	  m-‐2)	  

Histogram	  of	  the	  difference	  
SW	  Flux	  (Wm-‐2)	  

LW	  Flux	  (Wm-‐2)	  
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Useful	  for	  validating	  narrowband	  INSAT-‐3D	  OLR	  data	  

6	  Channel	  imager	  &	  19	  Channel	  sounder	  
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N=36,859	  
Bias=	  12.0	  Wm-‐2	  

RMSE=32.2	  Wm-‐2	  

N=73,351	  
Bias=	  -‐2.3	  Wm-‐2	  

RMSE=6.9	  Wm-‐2	  

LW	  Flux	  Comparison	   SW	  Flux	  Comparison	  

Validation	  for	  March	  2013-‐Feb2014	  
CERES	  [AQUA+NPP]	  

AQUA	  +	  NPP	  CERES	  (Wm-‐2)	  AQUA	  +	  NPP	  CERES	  (Wm-‐2)	  
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Potential	  of	  ERB	  data	  in	  understanding	  episodic	  meteorological	  
events	  and	  Indian	  summer	  monsoon	  	  	  

Reflected	  SW	  Flux	  (W/m2)	  from	  ScaRaB	  

Kalpana-‐1	  Color	  composite	  20	  March	  2012	  
20	  March	  2012	  
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Low	  Clouds	  over	  the	  Indian	  Summer	  monsoon	  region	  

Sathiyamoorthy	  et	  al,	  2013	  –	  JGR-‐Atmosphere	  
Marine	  Stratus	  –	  Jul-‐Aug	  

NCRF	  (W/m2)	  –	  Jul-‐Aug	  
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Journal:	  Current	  Science	  
Special	  Issue	  on	  Megha-‐Tropiques.	  
	  
Published	  on	  25June2013	  
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Conclusions	  &	  Future	  Plans	  

 	  ERBE	  like	  algorithm	  is	  used	  to	  generate	  level-‐2	  TOA	  fluxes	  from	  ScaRaB	  onboard	  
Megha-‐Tropiques.	  The	  Level-‐2	  processing	  is	  done	  at	  SAC,	  Ahmedabad.	  	  

 	  Quality	  of	  TOA	  fluxes	  are	  being	  monitored	  continuously	  with	  respect	  CERES	  onboard	  
AQUA,	  Terra	  and	  NPP	  satellites.	  

 	  ScaRaB/Megha-‐Tropiques	  Flux	  data	  from	  ISRO	  better	  compares	  with	  CERES/NPP	  when	  
compared	  to	  CERES/AQUA.	  

 	  ScaRaB	  data	  (both	  Level-‐1	  radiances	  and	  Level-‐2	  TOA	  Flux)	  are	  available	  from	  
MOSDAC,	  SAC,	  Ahmedabad.	  

 	  Suitable	  diurnal	  interpolation	  methods	  will	  be	  used	  to	  derive	  monthly	  means	  of	  LW	  
and	  SW	  fluxes.	  
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Backup	  Slides	  
	  

Rsw=RFsw	  /	  SFF	  
	  

For	  Scenes	  1	  to	  6	  =	  0.99	  	  
For	  Other	  Scenes	  =	  1.0019	  
	  
For	  Longwave	  No	  spectral	  Filtering	  is	  needed.	  
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Bias	  =	  -‐2.1	  Wm-‐2	  

RMSE	  =	  7.3	  Wm-‐2	  
Bias	  =	  13.6	  Wm-‐2	  

RMSE	  =	  33.5	  Wm-‐2	  

Validation	  with	  only	  CERES	  onboard	  AQUA	  
(9	  Months	  of	  Data)	  
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Validation	  Statistics	  for	  the	  latest	  version	  of	  the	  ScaRaB	  data	  from	  
ISRO	  with	  CERES	  ES-‐8	  Data	  onboard	  AQUA	  satellite.	  

Bias=	  -‐2.9	  Wm-‐2	  
RMSE	  =	  4.8	  Wm-‐2	  

LW	  Flux	  Comparison	   SW	  Flux	  Comparison	  

Bias=	  5.4	  Wm-‐2	  
RMSE	  =	  26.2	  Wm-‐2	  
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Southern	  Hemispheric	  Cyclone	  



s 

Go to Next Record 
Not OK 

OK 

1.  Geo-type 
2.  Mean 

Flux 
3.  ADM         

Level-1 

Level-2 

Major Steps Involved in Level-2 Processing 

Auxiliary 
Files 

SW ADM (Scene,SZA,VZA,RA) 
LW ADM (Scene, VZA, Lat, Season) 

Cloud Identification 

LLW =LTOT – Aʹ′LSW (Day) 

Level-2 products 
comparable with ES-8 
product of CERES 



ScaRaB	  Lev-‐2-‐	  Improvement	  

Exis=ng	  Filtering	  Factors	  

New	  Filtering	  Factors	  

SW	  Flux	  Wm-‐2	  [SAC	  –	  
CNES]	  

SD	  =	  2.2	  
Wm-‐2	  

SD	  =	  2.0	  
Wm-‐2	  

The	   filtered	   radiances	   may	   be	  
slightly	   different	   from	   the	  
unfiltered	   radiance	   when	   the	  
spectra	  of	   the	  Earth	  scene	  and	  
of	  the	  calibration	  source	  differ.	  	  

Feasibility	  -‐	  Lev-‐3	  monthly	  averaging	  

MT	  takes	  52	  days	  to	  sample	  all	  hours	  of	  a	  day	  over	  a	  loca7on.	  
Hence	  in	  a	  month,	  MT	  samples	  part	  of	  the	  diurnal	  cycle	  over	  
any	  part	  of	  the	  globe.	  
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Algorithm	  development	  -‐	  Level-‐3	  ScaRaB	  Data	  genera7on	  
	  

 	  Level-‐3	  is	  monthly	  fluxes	  averaged	  over	  uniform	  grids	  

 Diurnal	  varia=on	  of	  incoming	  solar	  radia=on	  is	  so	  pronounced	  that	  it	  is	  not	  a	  good	  assump=on	  
to	   generate	  monthly	  mean	   SW	   flux	   from	   	   0	   to	   5	   SW	  measurements	   taken	   at	   different	   local	  
hours.	  

 In	  the	  SW	  domain,	  	  instantaneous	  flux	  measurements	  are	  interpolated	  or	  extrapolated	  in	  local	  
=me	  for	  the	  en=re	  day	  following	  DIEP	  algorithm.	  

 In	  LW	  domain,	  a	  day-‐=me	  half-‐sine	  fit	  over	  land,	  desert	  and	  coastal	  scenes	  are	  applied.	  

 Region	   by	   region,	   es=mated	   local	   hourly	   fluxes	   are	   averaged	   to	   compute	   daily	   mean	   and	  
ul=mately	  monthly	  mean.	  

This	   algorithm	   works	   well	   at	   least	   one	  
observation	  per	  day	  is	  available	  during	  all	  days	  
of	  a	  month.	  Else	  sampling	  artifacts	  may	  arise!	  
	  
But	  we	  are	  ready	  with	  an	  algorithm.	  	  

MT-‐
related	  
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INSAT-‐3D	  Products	  


